In this study, FT-IR spectroscopy was applied for rapid characterization and discrimination of commonly consumed legumes extracted by different solvents in combination with principal component analysis (PCA) for the first time. Dried soy bean, white bean, chickpea, red lentil, and pinto bean were extracted by water (W), ethanol (E), acetone/water (AW) and acetone/water/acetic acid (AA). The effect of each solvent on different legume extracts was demonstrated by identifying the functional groups using FT-IR spectroscopy at mid-infrared (mid-IR) range (4000-650 cm -1 ) and associated with the amount of total phenolics and other oxidation substrates in the extracts determined by Folin-Ciocalteu method. PCA models with 2 principal components were constructed to discriminate the different legume extracts based on FT-IR spectra and total phenolic content (TPC). FT-IR spectra of each legume were quite different for different solvents but almost the same for the same solvent. Each legume extracts had significantly different TPC from each other extracted with the same or different solvents. The highest TPC was obtained by soybeans and pinto beans extracted with W or E and AW or AA, respectively. PCA analysis of FT-IR spectra and TPC provided clear discrimination between the legume samples extracted with different solvents.
Introduction
Legumes are important sources of proteins, carbohydrates, vitamins and minerals, constituting the significant part of human diet. They are also good complement for cereal based foods which are low in essential amino acids and phenolic compounds. However, legumes may exert protective effects on human health by showing antioxidant and anticancerogenic activities. According to the studies, legumes may prevent and control metabolic diseases, diabetes mellitus, colon cancer, and cardiovascular diseases by providing anti-microbial, cardioprotective, anti-allergenics and anti-inflammatory activities (Chung & Liu, 2012; Hurtado-Fernández, Gómez-Romero, Carrasco-Pancorbo, & Fernández-Gutiérrez Alberto, 2010; Koehnlein et al., 2016; Zhao, Du, Wang, & Cai, 2014) . In food production, phenolic compounds extracted from legumes can be used as antioxidant additives in the formulas to prevent oxidation of lipids and provide health promotion (Escarpa & Gonzalez, 2001) . To use phenolic compounds in food formulations is challenging in some cases due to different solubility properties of these compounds. According to the studies water and alcohol were the most used solvents to extract phenolic compounds from legumes followed by acetone and acidified acetone (Koehnlein et al., 2016 ; B. J. Xu & Chang, 2007) .
Infrared spectroscopy which is based on the interaction of molecules or atoms with electromagnetic radiation, works by passing a beam of IR radiation through a sample and comparison of the radiation transmitted through the sample with that transmitted without the sample. Fourier transform infrared spectroscopy (FT-IR) is a simple, rapid and nondestructive vibrational spectroscopic method that provides molecular specific information for the complicated mixture system (Graham Solomon, Craig Fryhle, 2014) . Multivariate statistical analysis methods such as principal component analysis (PCA) could be used to generate information from FT-IR data. PCA is an unsupervised discrimination method generating principal components explaining variability in the data set (Eriksson et al., 2001) . Studies on FT-IR spectroscopic analyses were performed on discrimination of edible oils (Javidnia, Parish, Karimi, & Hemmateenejad, 2013) , prediction of geographical origins of butters (Bassbasi, De Luca, Ioele, Oussama, & Ragno, 2014) , classification of tea varieties (Cai, Wang, Xi, Li, & Wei, 2015) , detection of authentication and adulteration purposes (Gurdeniz & Ozen, 2009; Li, Wang, Zhao, Ouyang, & Wu, 2015; Rohman, Riyanto, Sasi, & Yusof, 2014; L. Xu, Cai, Cui, Ye, & Yu, 2012) and for differentiation of pea and oat roots (Naumann, Heine, & Rauber, 2010) . FT-IR analyses have also potential to be applied to other food commodities to determine their functional groups found in their different extracts also to discriminate the effects of different solvents on these functional groups.
The aim of this study is to characterize different legumes extracted by different solvents for the first time using their FT-IR spectra and to differentiate the legume extracts depending on their functional groups with PCA method in correlation with their total phenolic contents.
Materials and Methods

Chemicals and Reagents
Folin Ciocalteu reagent, gallic acid, and sodium carbonate were purchased from Merck (Darmstadt, Germany). All solvents and chemicals used for analyses were analytical grade.
Legume Samples
Five legume samples that were red lentil (RL), dry (white) bean (DB), pinto bean (PB), chickpea (CP) and soy bean (SB) were purchased from local market in Adana, Turkey. Moisture content of the legumes was determined by drying the sample in an oven at 105°C until a constant weight was obtained (AOAC 2000) . TPC of different extracts were expressed on dry weight basis.
Extraction of Legume Samples
The legume samples were grounded with IKA grinder (IKA Works Inc., Wilmington, N.C., U.S.A.). 1 g of legumes powder was extracted in 10 mL of extraction solvent (water, ethanol, acetone/water (50:50, v/v) or acetone/water/acetic acid (70:29.5:0.5, v/v/v) on an orbital shaker (IKA) (300 rpm, 25°C, 3h). The extracts were centrifuged at 3000 rpm for 10 min at 4°C and supernatants were removed (Hettich, Universal 320 R, Germany) and analyzed immediately without any delay. Extractions were performed in 3 replicates for all legume-solvent extraction mixture.
Determination of Total Phenolic Content
Total phenolic content (TPC) of the extracts was determined by a Folin Ciocalteu assay (Singleton & Rossi, 1965 ) using gallic acid (GA) as the standard. Firstly, 200 µL of the legume extract and 1000 μL of Folin-Ciocalteu's (10-fold diluted in distilled water) reagents solution were mixed and reacted for 3 min and then 800 μL of 7.5% NaCO 3 (w/v) was added into the solution and further incubated for 2 hours at room temperature in the dark. The absorbance of the solutions was measured at 765 nm and TPC results were expressed as gallic acid equivalents (µg of GAE/g dry seed).
Fourier Transform Infrared (FT-IR) Spectroscopic Analysis
FT-IR spectroscopy was used to characterize the functional groups in the legume extracts. The IR spectrum was obtained by using PerkinElmer Spectrum Two (Perkin Elmer Inc., USA). One drop of each extract was added onto absorbance chamber and the samples were scanned at mid-infrared range from 4000 cm -1 to 450 cm -1 in triplicate.
Statistical Analysis
Statistical analysis was performed using Minitab17 (Minitab Inc., State College, USA) software. Analysis of variance (ANOVA) analysis method was applied to demonstrate the significance of differences among the samples at P<0.05 level. PCA analysis was performed by using the spectral ranges of 3750-2750 and 1800-750 cm -1 .
Results and Discussion
FT-IR Characterization of Legume Extracts
FT-IR spectroscopy was applied for evaluation of different legume extracts obtained by four different solvents namely water (W), ethanol (E), acetone/water (AW), and acidified acetone/water (AA) in the mid-IR range and given in Figure  1 . When the graphs were investigated, it was seen that all legumes gave mostly similar spectra for the same solvent type while completely different spectra for different solvent type. As can be examined, along with small differences between solvents, the bands between wavenumbers 3730-830 cm -1 revealed the presence of various phytochemical compounds extracted with different solvents. The major bands in mid-IR range showed that all legume extracts may have distinct compounds such as alcohol, amides, amines, fluoride, iodide, chloride, phosphine, bromide, sulfonates, aliphatic organo halogens, aliphatic and aromatic nitro compounds (Marimuthu & Gurumoorthi, 2013) .
All different solvent extractions have led to various bands from high to low wavenumbers; similar with total polyphenol content results which pointed out the significance of solvent type on extraction of bioactive compounds from legumes. As shown in Figure 1 , although peaks of DBW were much larger whereas others were downstream or flat, all samples gave similar spectra for water extraction as well as other solvent extractions. The bands between 3730 and 3361 cm -1 reflected O-H and N-H stretching for alcohol especially in legumes extraction with ethanol, acetone and acidified acetone. This band also characterizes amines that are found in amino acids, peptides, proteins, alkaloids, DNA and RNA because of amino (NH 2 ) groups (Marimuthu & Gurumoorthi, 2013) . The spectrum of water soluble extract of dry bean was the most different one from other extracts.
It gave two negative peaks between 3600 and 3000 cm -1 and 1800 and 1500 cm -1 which were identical with the spectra of ethanol and acetone solvent extracts of dry beans. These showed that the dry bean had the functional groups which were soluble in both water and organic solvents. Bands in the region between 1800-900 cm -1 are mainly attributed to fingerprints region for typical absorption of phenolic molecules such as the stretching band of carbonyl (C=O) groups (1712-1704 cm -1 ). Especially in the spectra of acetone and acidified acetone extraction of legumes, the peaks of 1702-1704 cm -1 were very high. Also, bands in the 1680-900 cm -1 region correspond to phenols. The bands between 1448-1444 cm -1 are due to the asymmetric in-plane bending of -CH 3 (Silva, Feliciano, Boas, & Bronze, 2014) which is also the same spectral region reflecting to the phenyl nuclei (C=C bonds) in ethanol extracts of legumes. The biochemical compositions, especially carbohydrate, lipid, protein structures and polyphenols give absorption bands in the 1800 to 900 cm -1 region (Silva et al., 2014) . As shown in Table 1 , according to the solvent extraction methods, the spectra collected by FT-IR were differed from each other. For example, the 1295-1232 cm -1 region corresponding to O-C-H bending of phenolic compounds (Lu et al., 2011; Singh et al., 2016) were obtained from all extracts except water extracts of red lentil and dry bean. It was noteworthy that the region between 1563 and 1551 cm -1 which was corresponding to amide II C-N and N-H stretching of proteins were found in water extracts of legumes. The absorption bands that were attributed to C-C stretching vibration of phenyl at 1657-1632 cm -1 region were observed in all legume extracts. However, the bands at 891-830 cm -1 indicated C-C-O in plane stretching of primary and secondary alcohols and CH deformation (polyphenols) and the band at 1338 cm -1 referred to C-O stretching vibration of phenyl obtained from legumes extracted with ethanol mainly (LinVien et al., 1991; Lu et al., 2011; Silva et al., 2014) . In the study reported by Marimuthu & Gurumoorthi (2013) , phytochemical and FT-IR spectroscopic analysis was performed to determine the chemical constituents and to identify the functional groups in velvet bean, horse gram, lima bean and jack bean. FT-IR analysis results revealed the presence of alcohol and hydroxyl groups, alkane groups, alkenes groups, nitrogen-oxy groups, sulfuroxy groups, aryl groups, aliphatic iodo groups in wild and common legumes. (Lu et al., 2011) 928-911 Starch (Demir et al., 2015) 891-881 C-C-O in phase stretching of primary and secondary alcohols (Lin-Vien et al., 1991) 830 C-H deformation (polyphenols) (Lu et al., 2011) PCA analysis was performed to aim at interpreting the FT-IR results for discrimination of legume samples according to the solvent types. PCA model was constructed with 2 principal components account for 98.1 % of total variance. PC1 explained 78.6 % of the variance and PC2 explained 19.5% of total variance. PCA score plot for the first two principal components of legume extracts' FT-IR spectra was shown in Fig. 2a . Samples were discriminated clearly according to solvent types. A few numbers of studies were performed on FT-IR analysis of legume extracts. In one of these studies, different kidney bean and field pea line protein isolates were investigated to determine their functional properties by FT-IR method in relation with PCA and it was reported that β-sheets, β-turns and α-helix were the major secondary structures in kidney bean and field pea line (Shevkani, Singh, Kaur, & Rana, 2015) .
Total Phenolic Compounds of Legumes Extracted By Different Solvents
Although detailed chromatographic characterization methods are being applied to determine the phenolic content of plant samples, Folin-Ciocalteu (F-C) method still has been proposed as a standardized method for determination of total phenolic content of food products. Despite the method allows some interactions with the results of phenolic contents, it is still a point of origin for detailed characterizations especially when the subject is antioxidant potential. FolinCiocalteu method measures the phenolic acids also with soluble proteins and carbohydrates which are readily oxidizable under test conditions in the sample. In literature, TPC of different legumes were determined using different solvents, pretreatments, or equivalents which reports different results causing the inconsistency. Thus, there was a need for comparison of TPCs obtained from different extraction sys-tems applied to different legume types. According to the measurements, TPC of different legume samples varied from 1704 to 3095 μg GA/g, from 560 to 2973 μg GA/g, from 875 to 1692 μg GA/g, and from 535 to 6055 μg GA/g in their water soluble, ethanol soluble, acetone/water soluble, and acidified acetone/water soluble extracts, respectively (Table 2) . Soybean had the highest TPC values in its W and E extracts, while pinto bean had the highest TPC in its AW and AA extracts. The significant differences were determined between TPC values of different solvent extracts of each legume (P˂0.05). The similar significant differences were also demonstrated between the TPC values of different legumes extracted with the same solvent. TPCs of ethanol soluble extracts of each legume were significantly lower than those of water soluble extracts indicating that water soluble proteins also contributed to the TPC. This situation was clearly seen in FT-IR spectra obtained for legumes extracted with water and ethanol. FT-IR spectrum of water extracts of legumes had the C = O stretching amide I, N-H bending and C-N stretching amide II, and N-H bending and C-H stretching amide III bands belonging to proteins while these bands were absent in the FT-IR spectrum of ethanol extracts of legumes. In plants, total phenolic compounds were mainly evaluated by summation of water soluble and alcohol soluble extracts of sample. In this respect, soybean had the highest total phenolic content followed by in order of pinto bean, chickpea, red lentil and dry bean. Acetone extractions of legume samples contained both acetone and water soluble fragments of legumes and acidification of this solvent significantly increased or decreased the total phenolic content of legume extracts (P˂0.05). The similar extraction methods were applied by Xu and Chang (2007) who compared the total phenolic content, total flavonoid content and condensed tannin content in different legume extracts by different solvent systems. The TPCs of soybean extracts obtained by AW and AA were comparable however total phenolic content of ethanolic extracts of chickpea and yellow soybean could not be determined. TPCs of acetone and acidified acetone extracts of chickpea and lentil were almost 2 and 5 fold higher than those obtained in this study. Similar to our findings, Oomah et al. (2011) determined the highest TPC in red lentils extracted with water followed by acetone and ethanol solvents. Koehnlein et al. (2016) found significant but low positive correlation between TPC and antioxidant activities of different legume extracts obtained by water as a solvent. For this reason, the legume samples could be used as antioxidant additive in functional foods after suitable solvent extractions compatible with the process of food product. Strong and positive correlation was also determined between the acetone extracts and acidified acetone extracts of legumes with Pearson correlation coefficient (r) of 0.937 while positive correlations were observed between water extracts and ethanol extracts (r=0.703) and acidified acetone extracts (r=0.748) (Data not shown) (P˂0.05). PCA score plots for the first two principal components of legume extracts' FT-IR spectra and total phenolic contents according to legume type and solvent system were given in Fig.  2b and 2c. PCA models according to legume types were constructed with 2 principal components account for 92 % of total variance. PC1 explained 82 % of the variance and PC2 explained 10 % of total variance. PCA models according to solvent types were constructed with 2 principal components account for 99 % of total variance. PC1 explained 88 % of the variance and PC2 explained 11 % of total variance. PCA score plots demonstrated the clear discrimination among the samples according to legume types and solvent systems in correlation with FT-IR data. Original Article/Full Paper 
Conclusion
In this study, the effect of solvent type on legume extracts was clearly demonstrated in a rapid way using FT-IR spectroscopic analysis in combination with chemometrics for the first time. The main functional groups were determined with FT-IR spectra of different legume extracts. Legume samples were successfully classified with PCA model constructed with two principal components according to the extraction method with different solvents. TPC analysis also showed that there were great variations in TPC of different solvent extracts in each legume based on legume type and solvent system in correlation with the FT-IR spectra of legume extracts. Moreover, the more practical comparison between the functional groups of different legumes obtained by different solvents was provided. This study revealed that FT-IR could be used potentially for rapid characterization of functional groups in legume samples to generate a general perspective based on different extraction systems in relation with phenolic content analysis.
